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(57) [Abstract] 

[Problem] Be able to use with wide voltage region, offer of ano< 
e active material for nonaqueous secondary battery to which the 
capacity is large, at same time is superior in charge-discharge 
cycle durability. 

[Means of Solution] (However, M, with element of one kind or 
more which is chosen fromthe group which consists of Al , Fe 
Co , Ni and Cr, is 0<x 1.1 and 0.5 y<l . ) anode active 
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material for nonaqueous secondary battery which possesses 
monoclinic crystal layer halite type structure, is displayed with 
Li x Mn yM 1- y 02. 
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[Claim 1] It possesses monoclinic crystal layer halite type struct 
ure, is displayed with Li x Mn yM 1- y 02 (However, M, with 
element of one kind or more which is chosen fromthe group 
which consists of Al , Fe , Co , Ni and Cr, is 0<x 1.1 and 0. 
5 y<l. ) anode active material for nonaqueous secondary 
battery whichdensely is made feature. 

[Claim 2] Manufacturing method of anode active material for n 
onaqueous secondary battery which is stated in Claim 1 which 
in strong basicity aqueous solutionwhich contains lithium 
element, hydrothermal treatment does compound which 
includes the manganese compound and aforementioned element 
M with 130 to 300 °C and densely makesfeature. 

[Claim 3] After as for aforementioned manganese compound an 
d compound which includes theaforementioned element M, 
coprecipitation doing, as hydroxide , oxide or theoxy 
hydroxide manufacturing method of anode active material for 
nonaqueous secondary battery which it states in Claim 2 which 
iscontained in aforementioned strong basicity aqueous solution. 

[Claim 4] In aforementioned strong basicity aqueous solution , c 
ompound which includes theaforementioned element M after 
melting, manufacturing method of anode active material for 
nonaqueous secondary battery which isstated in Claim 2 which 
adds aforementioned manganese compound. 

[Claim 5] In aforementioned strong basicity aqueous solution , 
manufacturing method of anode active material for nonaqueous 
secondary battery which is stated inthe Claim 2 and 3 or 4 
which lithium hydroxide is dissolving. 

[Claim 6] In aforementioned strong basicity aqueous solution , 
manufacturing method of anode active material for nonaqueous 
secondary battery which is stated inthe Claim 2 , 3,4 or 5 
which potassium hydroxide or sodium hydroxide isdissolving. 

[Claim 7] Nonaqueous electrolyte solution secondary battery w 
hich anode active material for nonaqueous secondary battery 
and conductor and binder which are statedin Claim 1 and, 
possesses molded article which is included densely makesfeatup 
as positive electrode and. 
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[Technological Field of Invention] This invention regards anod 
e active material for nonaqueous secondary battery and its 
manufacturing method. Furthermore it regards nonaqueous 
electrolyte solution secondary battery which possesses said 
active substance. 

[0002] 

[Prior Art] As recently, portability trend of equipment, cordle 
ss trend advances, miniature andthe light weight , expectation 
at same time for nonaqueous electrolyte solution secondary 
battery of high energy densityhas increased, composite oxide 
of LiCo02 , LiNi02 , LiMn204 , LiMn02 or other lithium 
and transition metalis known in positive electrode active 
material for nonaqueous electrolyte solution secondary battery, 
carbon material or other negative electrode active material 
which intercalation and deintercalation it is possible these 
positive electrode active material and lithium wascombined, 
development of nonaqueous electrolyte solution secondary 
battery of high voltage and high energy density isadvanced. 
Especially recently, manganese of inexpensive material was 
used even among them,research of composite oxide of lithium 
and manganese is advanced actively. 

[0003] Generally, positive electrode active material which is use 
d for nonaqueous electrolyte solution secondary battery, 
consists of thecomposite oxide of cobalt , nickel , manganese 
or other transition metal and lithium, electrical capacity , the 
reversibility and operating voltage or other electrode 
characteristic differ in types of transition metal which is used. 

[0004] With nonaqueous electrolyte solution secondary battery 
which uses composite oxide of for example LiCo02 , and 
theLi Ni 0.8 Co 0.2 02 or other layer halite type structure for 
positive electrode active material, as for capacity density 
respective 140 to 1 60 mAh/g and the 190 to 21 0 mAh/g it is 
high relatively, with voltage region where 2.5 to 4.3V is highthe 
satisfactory reversibility is shown vis-a-vis intercalation and 
deintercalation of lithium. But, cobalt or nickel which becomes 
starting material being expensive , in additionwith voltage 
region of 2 V or less there is a problem where intercalation and 
deintercalation of thelithium stops happening in reversible. 



[0 0 0 5] 
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[0005] On one hand, nonaqueous electrolyte solution secondary 
battery which uses spinel type composite oxide which consists 
of theLiMn204 which designates relatively inexpensive 
manganese as starting material for positive electrode active 
material, capacity densitybeing 100 to 120 mAh/g , is low in 
comparison with active substance which includesthe above- 
mentioned cobalt or nickel. In addition, charge-discharge cyck 
durability is low, furthermore is a problem whichdeteriorates 
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VH>T*(D(Si>SEfiilS*T?f^iST?*-6a)"CL i Mn 2 o 4 quickly with voltage region whose under of 3 Vis low. Vis-a-vi 

* « »l*MMmi?*4#, *il**tt# this, because it can operate nonaqueous electrolyte solution 

L i M n 204^ y £ 6 l-fl£l*FD]Si#&5 . secondary battery which uses LiMn02which similarly designate 

manganese as starting material for active substance, tothe 
r voltage region where approximately 2V is low you can expect 

thecapacity which is higher than LiMn204, but charge- 
discharge cycle durability than LiMn204furthermore is lower is 
a problem which. 
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[0006] As LiMn02, monoclinic crystal LiMn02 of layer halite 
type construction which is a orthorhombic crystal LiMn02 and 
a - Na Mn02 typeconstruction of - Na Mn02 type 
construction is known. As for orthorhombic crystal LiMn02, 
in order rearrangement to do gradually in spinel phase withthe 
repetition of charge-discharge, charge-discharge cycle 
durability is low considerably. 

[0007] Monoclinic crystal LiMn02 - Na Mn02 which is syn 
thesized with conventional solid phase reaction method in 
nonaqueous solutionwhich includes Li ion, is synthesized by ior 
exchange doing with thetemperature of 300 °C or below (A.R. 
Armstrong and P.G.Bruce,NATURE,Vol.381,P499,1996). 
In addition, in lithium salt aqueous solution which includes 
hydroxide of alkali metal otherthan lithium, hydrothermal 
treatment doing by that it synthesizes manganese oxide, itis 
reported ( Japan Unexamined Patent Publication Hei 11- 
21 1 28). But, when monoclinic crystal LiMn02 which is 
synthesized with these method isdesignated as positive electrode 
active material, although if it is improved, you compared the 
charge-discharge cycle durability to nonaqueous electrolyte 
solution secondary battery which uses LiCo02 and Li Ni 0.8 
Co 0.2 02 etc for thepositive electrode active material, charge- 
discharge cycle durability was inferior, adoption to practical 
battery was difficult. 



[0008] -15. L iMn 0 2 (- Fe, Ni, Co. C 

rXf*A 1 zmuLtzfcsmttytfftm^i 0-134 

J CP D SO) 3 5-749i:giL 



[0008] On one hand, composite oxide which adds Fe , Ni , Co 
theCr orAlin LiMn02 is disclosed in Japan Unexamined 
Patent Publication Hei 10 - 134812, but the said composite 
oxide is recognized in each case when it is a orthorhombic 
crystal LiMn02 construction from fact thatthe chart of X-ray 
diffraction resembles 35 - 749 of J CPD S, charge-discharge 
cycle durability isthe unsatisfactory. 



[000 9] 



[0009] 

[Problems to be Solved by the Invention] Be able to use this inv 
ention, with wide voltage region, electrical capacity to be large, 
being superior in charge-discharge cycle durability, at same tim 
it offers inexpensive anode active material for nonaqueous 
secondary battery , the and its manufacturing method densely it 
makes objective then. Furthermore, nonaqueous electrolyte 
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solution secondary battery of high energy density which uses 
this positive electrode active material is offereddensely makes 
objective. 

[0010] 

[Means to Solve the Problems] This invention has monoclinic 
crystal layer halite type structure, is displayed with Li x Mn yM 
1- y 02 (However, M, with element of one kind or more which 
is chosen fromthe group which consists of Al , Fe , Co , Ni 
and Cr, is 0<x 1.1 and 0.5 y<l. ) anode active material 
for nonaqueous secondary battery , themanufacturing method 
and possesses said positive electrode active material nonaqueous 
electrolyte solution secondary battery which densely are made 
featureare offered. 



[00 11] Li,Mn y M h 0 2 li, £fiflt££ LTA 
x Mn y M 1 . y 0 2 limM fl B a (D^A^^S : fe<7)rMi^<, £ 



[001 1] Li x Mn yM 1- y 02 can take construction of 2 kinds of 
orthorhombic crystal and monoclinic crystalas crystal 
structure, but with this invention it has possessed layer halite 
type construction of themonoclinic crystal. When it uses those 
of monoclinic crystal, as positive electrode active material of 
nonaqueous electrolyte solution secondary battery charge- 
discharge cycle durabilityis superior. However, with this 
invention as for Li x Mn yM 1- y 02 it is not something 
whichconsists of only monoclinic crystal, those of some 
orthorhombic crystal have been allowedto have existed together 



[0 0 12] *S&IBT?f** L i xMnyM^yO^fc^T 
0. 5< i y<^V&Z>» y*<0. 5 kVH»& 

■ttSS««**IH»-e*ft<ft*. ff*L<B0. 65 

<y<0. 9 QtfmmZtlZo ZtZs MltAU Fe, 
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[0012] With this invention, it is a 0.5 y<l in Li x Mn yM 1- 
y 02. When y is under 0.5, it cannot maintain monoclinic 
crystal layer halite construction andbecomes. preferably 0.65 
y 0.99 is adopted. In addition, M is element of one kind 
or more which is chosen fromthe group which consists of Al , 
Fe , Co , Ni and Cr, but when it is a especially Al, because 
electrical capacity ofthe nonaqueous electrolyte solution 
secondary battery which uses positive electrode active material 
of this invention becomes high it isdesirable. 

[0013] With manufacturing method of this invention, in strong 
basicity aqueous solution which contains lithium element 
inorder to obtain above-mentioned Li x Mn yMl-y 02, 
manganese compound (Below , Mn source starting material 
you call) with compound (Below , M source starting material 
you call) which includes element M hydrothermal treatment is 
done with 130 to 300 °C . As Mn source starting material to 
above-mentioned strong basicity aqueous solution and addition 
method of Msource starting material, method of according to 2 
below isadopted to be desirable. After 1) beforehand, mixing 
Mn source starting material and M sourcestarting material to 
uniform, it adds. 2) M source starting material is melted in 
strong basicity aqueous solution whichcontains lithium element 
Mn source starting material is added in aqueous solution. 
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[0014] Mn and M amount fabric are easy to do are desirablein i 
niform 1) according to method, in positive electrode active 
materialwhich is acquired. Especially, coprecipitation doing 
Mn source starting material and M source starting material , 
asthe hydroxide , oxide or oxy hydroxide which are acquired 
after when itcontains in above-mentioned strong basicity 
aqueous solution, because from Mn and theM amount fabric do 
in uniform, it is desirable. In addition, because 2) also method, 
because Msource starting material is dissolving in aqueous 
solution, is easy to react with theMn source starting material, 
in positive electrode active material which is acquired Mn and 
theM amount fabric do in uniform. 

[001 5] When M is Al, 2) method to be desirable,when it melts i 
n strong basicity aqueous solution, with Na A102 , kA 1 02 an( 
Li A102etc as starting material because uniform Li Mn x Al 1- 
x 02 can be synthesized, it isdesirable. 
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[0016] In addition, lithium element which is contained in stron 
g basicity aqueous solution in manufacturing method ofthe this 
invention, workability and from uniformity of crystal of 
composite oxidewhich is acquired, by fact that water soluble 
lithium compound is melted in strong basicity aqueous 
solutioncontains in said aqueous solution densely to be desirable 
as lithium compound theespecially lithium hydroxide is 
desirable. 

[0017] Strong basicity aqueous solution in this invention is pH 
1 1 or more, it is desirable densely, hydroxide of alkali metal 
other than lithium is included in strong basicity aqueous 
solution ,it is desirable densely, from fact that impurity is 
difficult to remain in thepositive electrode active material 
which is acquired, especially potassium hydroxide or sodium 
hydroxide isdesirable. Using and mixing, it is possible to use 
potassium hydroxide and sodium hydroxide withthe alone. In 
addition, as anion, chlorine ion , bromine ion , nitrate ion , 
acetate ion and oxalate ion etc may be included by other than 
hydroxy ion, in the strong basicity aqueous solution. 

[001 8] In manufacturing method of this invention, as Mn sour 
ce starting material, oxide (Such as Mn 203, Mn 0 and 
Mn02), you can listthe hydrate and oxy hydroxide etc of 
oxide, but it is a compound of themanganese of trivalent, it is 
desirable densely. Using and mixing 2 kinds or more, it is 
possible to use these Mn source starting material, withthe alone 



[0 0 1 9] *£PJlC0K£;*&rzfclNT. MMJMUtL 



[0019] In manufacturing method of this invention, as M source 
starting material, metal M, the hydroxide , oxide , oxy 
hydroxide , chloride and nitrate salt etc are used. It is possible 
to use these M source starting material, with alone, tojointly 
use 2 kinds or more is possible. 
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[0020] As manufacturing method of this invention, melting hyd 
roxide 5 to 100 mole of alkali metal other thanthe lithium 
hydroxide , lithium chloride or other lithium compound 0.05 to 
5 mole and lithium in for example pure water per kg, it 
manufactures thestrong basicity aqueous solution. Next after 
mixing to this aqueous solution including Mn source starting 
material and Msource starting material, installing mixture 
which is acquired in theautoclave or other hydrothermal 
reaction equipment, hydrothermal reaction it does. As 
hydrothermal reaction condition, usually 0. 5 hours to 14 day 
it reacts with temperature ofthe 130 to 300 °C densely to be 
desirable, 1 to 4 8-hour it reacts with temperatureof especially 
200 to 250 °C densely it is desirable. 

[0021] With manufacturing method of this invention, usually 0. 
1 to lOg extent it adds Mn source starting materialvis-a-vis 
strong basicity aqueous solution 100 ml, it is desirable densely, 
especially 0.5 to 3g itadds, it is desirable densely. In addition, 
usually 0.02 to 5g extent it adds M source starting material, it 
isdesirable densely, especially 0.1 to lg it adds, it is 
desirabledensely. 

[0022] After hydrothermal reaction ending, in order to remove 
lithium hydroxide , sodium hydroxide and the potassium 
hydroxide or other unreacted starting material which remain, 
you wash reaction product with ethanol and filter, theLi x Mn 

yM 1- y 02 of desired monoclinic crystal layer halite type 
construction is acquired by drying. 



[0023] *&m<DiMemft-XK?ba>jEaH:. ± 
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[0023] Positive electrode of nonaqueous electrolyte solution se 
condary battery of this invention is above-mentioned positive 
electrode active material andthe molded article which includes 
conductor and binder . As binder, polyvinylidene fluoride an< 
polytetrafluoroethylene (Below , PTFE you call), polyamide 
carboxymethyl cellulose and the acrylic resin etc are desirable. 
As conductor, acetylene black , graphite and Ketjen Black oi 
other carbon conductor are desirable, slurry , in or 
aforementioned consist of solvent whichit can melt or can 
disperse blend and said binder of theabove-mentioned positive 
electrode active material and conductor and binder, or blend 
thecoating fabric or bearing kneaded substance which becomes 
including organic solventkneading, in aluminum foil , and 
stainless steel foil or other positive electrode collector positive 
electrode forms densely isdesirable. 

[0024] Carbonate ester is desirable in nonaqueous electrolyte so 
ution secondary battery of this invention, as solvent of the 
electrolyte solution, carbonate ester cyclic , can use chain in 
each case, propylene carbonate and ethylene carbonate etc 
are illustrated as cyclic carbonate ester, dimethyl carbonate , 
diethyl carbonate , ethyl methyl carbonate , methylpropyl 
carbonate and methyl isopropyl carbonate etc areillustrated as 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. 1STA cannot P.8 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel: 800-43 0-5727) 



[0025] *fc, ftaa«8jico*r»rc*ori*, 

$£A<6§ 0 »KtLTIi. C I 0 4 -. CF3SO3-, B 
F 4 ", PF 6 \ A s F 6 % SbF 6 \ CF 3 C0 2 ", (C 
F 3 S0 2 ) 2 N-*«7-*>£*5y^Att£ffifl3r 



linear carbonate ester. With this invention mixing alone or 
two kinds or more, uses above-mentioned carbonate 
esterdensely to be desirable, in addition mixing above- 
mentioned carbonate esterwith other solvent, it is possible to 
use. 

[0025] In addition, with material of negative electrode active 
material, when mixture of linear carbonate esterand cyclic 
carbonate ester is used, there are times when it can improve 
discharge property ,the cycle durability and charge-discharge 
efficiency. As solute, uses lithium salt which designates C104 
CF3 S03 -,the BF4-, PF6-,AsF6-, SbF6-, CF3C02-and( 
CF3 S02 ) 2N-etc as anion densely is desirable. 
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[0026] Furthermore, it adds vinylidene fluoride / perfluoro (pro 
pyl vinyl ether) copolymer which in solvent of theabove- 
mentioned electrolyte solution is disclosed in vinylidene fluoridt 
/ hexafluoropropylene copolymer (for example Atochem 
supplied Kynar (tradename)) and Japan Unexamined Patent 
Publication Hei 10 - 2941 31, itproduces polymer electrolyte 
of gel by adding above-mentioned solute,is possible to use 
polymer electrolyte in place of electrolyte solution. 

[0027] lithium salt 0.2 to 2.0 mol/1 is included in above-mentio 
ned electrolyte solution or thepolymer electrolyte , it is 
desirable densely. When this range it deviates, ionic 
conductivity decreases, electrical conductivity decreases. It is a 
more preferably 0.5 to 1.5 mol/1. 

[0028] As for negative electrode active material in this inventio 
n, it is a material which intercalation and deintercalation it 
ispossible lithium ion. negative electrode active material 
especially is not limited. You can list oxide , silicon carbide , 
silicon oxide , titanium sulfide and boron carbideetc which 
designate metal of for example lithium metal , lithium alloy , 
carbon material , the Periodic Table 14 and Group 15 as main 
component. As carbon material, thermal decomposition are 
done be able to use thing and theartificial graphite , natural 
graphite , soil graphite , expanded graphite and flake graphite 
etc which, thecompound which designates tin oxide as main 
component as above-mentionedoxide, can use organic substance 
with various thermal decomposition condition. In addition, it 
can use copper foil and nickel foil etc as negative electrode 
collector. 

[0029] Negative electrode in this invention consists of negativ 
e electrode active material and binder , it isdesirable densely, it 
makes slurry in blend of negative electrode active material 
andthe binder including organic solvent, coating fabric , drying 
and pressdoes said slurry in metal foil current collector and car 
it is desirable densely. In addition, porous polyethylene and 
porous polypropylene film etc are desirably used for 
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theseparator which lies between between positive electrode anc . 
negative electrode. In addition, shape of nonaqueous 
electrolyte solution secondary battery of this invention 
especially is notlimited. sheet (so-called film), folded state , 
wound type cylinder with bottom and button shape etc it is 
selectedaccording to application. 

[0030] 

[Working Example(s)] This invention is explained concretely b 
elow with Working Example , but this inventionis not limited 
in these. 

[0031] [Example 1] In PTFE bottomed cylindrical container, a 
ddition , it agitated potassium hydroxide lOOg and lithium 
hydroxide monohydrate 1 .6g and thepure water 140g and after 
melting, threw aluminum foil 0.21 g of thickness 100 m and 
melted. Consequently it added manganese oxide (Mn 203) 
powder 1 .4g, furthermore agitated. Next, it stored up above- 
mentioned cylindrical vessel where solution isinserted inside 
stainless steel autoclave, after substituting inside autoclave 
withthe nitrogen gas, with closed system 10 hours 
hydrothermal treatment it did with 225 °C. After reaction 
termination, cooling autoclave, removing contents of slurry,it 
filtered, washed filter cake with ethanol and removed lithium 
hydroxide andthe potassium hydroxide, etc dried and acquired 
positive electrode active material powder. 

[0032] With CuK line of above-mentioned powder result of 
x-ray diffraction analysis, the2 = 18 degrees , degree of 37, 3 
9 degrees , 45 degrees , 6 second ; thedegree of 65 and it can 
recognize diffraction peak in degree of 67,the above-mentioned 
powder has had layer halite type LiMn02 construction of 
monoclinic crystal phase, understooddensely. In addition, it 
could recognize diffraction peak which is based on LiMn02 
constructionof orthorhombic crystal phase of trace amount in 2 
= 15 degrees. In addition, it is a Li Mn 0.75 Al 0.25 02 
with elemental analysis of powder, understooddensely. 

[0033] While mixing above-mentioned Li Mn 0.75 Al 0.25 02 
powder and acetylene black and PTFE powder with weight ratic 
of 80: 1 6:4, adding toluene kneading, after formingin sheet, 
drying, it produced positive electrode of thickness 150 m, 
used thealuminum foil of thickness 20 m to positive 
electrode collector . porous polyethylene of thickness 25 m 
was used to separator . In addition, metallic lithium foil of 
thickness 500 m was designated as negative electrode, 
thenickel foil was used to negative electrode collector . 
solution which melts LiPF6 of 1 mol/1 in mixed solvent of 
l:lwith volume ratio of ethylene carbonate and diethyl 
carbonate was used to electrolyte solution . 

[0034] In argon glovebox, through separator, opposing, with el 
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ectrolyte solution itaccommodated above-mentioned positive 
electrode and above-mentioned negative electrode in stainless 
steel simple cell and closed airtight and acquired nonaqueous 
electrolyte solution secondary battery. With constant current 
of 0.2 mA/crn2 to 4.3V after charging, dischargingto 2.0V, it 
sought initial discharge capacity. Furthermore charge-discharge 
cycle 50 time was repeated with constant current ofthe 0.2 
mA/cm2. As for initial discharge capacity in 2.0 to 4.3V with 
160 mAh/g , as for capacity afterthe 50 time charge-discharge 
cycle it was a 152 mAh/g. 
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[0035] [Example 2] Sodium hydroxide 71 g was used in place o1 
potassium hydroxide 1 OOg, other than using aluminum 
hydroxide 0.36gin place of aluminum foil 0.21 g, positive 
electrode active material powder was synthesized in same way 
asthe Example 1 . When x-ray diffraction analysis was done in 
same way as Example 1 , it possessed thelayer halite type 
LiMn02 construction of monoclinic crystal, it could recognize 
diffraction peak which is based on theLiMn02 construction 
which in addition consists of orthorhombic crystal of trace 
amount in the2 = 15 degrees. In addition, it is a Li Mn 0.85 
Al 0.1 5 02 with elemental analysis , understood densely. 
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[0036] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1, when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 156 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 140 mAh/g. 

[0037] [Example 3] Making use of PTFE bottomed cylindrical 
container of volume 1L, in aqueous solution which includes the 
manganese nitrate and aluminum nitrate with mole ratio of 3: 1 
coprecipitation doingincluding ammonium hydroxide aqueous 
solution, heating * drying with 150 °C, itacquired manganese - 
aluminum coprecipitation hydroxide (As for atomic ratio of 
manganese and aluminum 3:1 ) lOg. 

[0038] Other than inserting above-mentioned manganese - alu 
minum coprecipitation hydroxide powder 1 .4g in place of 
manganese oxide powderand aluminum foil, it synthesized 
acquired positive electrode active material powder in same way 
asthe Example 1 . When x-ray diffraction analysis was done in 
same way as Example 1 , it possessed thelayer halite type 
LiMn02 structure of monoclinic crystal, it could recognize 
diffraction peak which is based on theLiMn02 structure which 
in addition consists of orthorhombic crystal of trace amount in 
the2 = 15 degrees. In addition, it is a Li Mn 0.75 Al 0.25 02 
with elemental analysis , understood densely. 
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is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 157 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 150 mAh/g. 

[0040] [Example 4] Other than using cobalt nitrate in place of 
aluminum nitrate, obtaining manganese - cobalt coprecipitation 
hydroxide (As for atomic ratio of manganese and cobalt 3: 1 ) 
with as similar to example 3, it synthesized positive electrode 
active material powder in same way as example 3. When x-ray 
diffraction analysis was done in same way as Example 1, it 
possessed thelayer halite type LiMn02 structure of monoclinic 
crystal, it could recognize diffraction peak which is based on 
theLiMn02 structure which in addition consists of 
orthorhombic crystal of trace amount in the2 = 15 degrees. 
In addition, it is a Li Mn 0.75 Co 0.25 02 with elemental 
analysis , understood densely. 
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[0041] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 152 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 135 mAh/g. 

[0042] [Example 5] Other than using nickel nitrate in place of 
aluminum nitrate, obtaining manganese - nickel coprecipitation 
hydroxide (As for atomic ratio of manganese and nickel 3:1 ) 
with as similar to example 3, it synthesized positive electrode 
active material powder in sameway as example 3. When x-ray 
diffraction analysis was done in same way as Example 1 , it 
possessed thelayer halite type LiMn02 structure of monoclinic 
crystal, it could recognize diffraction peak which is based on 
theLiMn02 structure which in addition consists of 
orthorhombic crystal of trace amount in the2 = 15 degrees. 
In addition, it is a Li Mn 0.75 Ni 0.25 02 with elemental 
analysis , understood densely. 



[0 0 4 3] ±EiE«3*M£ffll*fc8rtli«i knm 
Lt-kZb % 4DttttBW*1 5 BmAh/g^lJ, 



[0044] we] mkTius-*<La>irt7Wzvim 
ft* &m Lfciwuifl 3 1 mmz it? >-«#a 

C?>ii>k&0)R*ttlZ3 : 1) m 
3iH*KjEa55»H»***J«Lfc. «1fcH«lcx 

«L i Mn02«ai=»-5<EI«e— &*«B»6ttfc. 
7C*»ffiIC^y L i Mn F e O "CftSC 



[0043] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 158 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 137 mAh/g. 

[0044] [Example 6] Other than using iron nitrate in place of alu 
minum nitrate, obtaining manganese - iron coprecipitation 
hydroxide (As for atomic ratio of manganese and iron 3:1 ) 
with as similar to example 3, it synthesized positive electrode 
active material powder in sameway as example 3. When x-ray 
diffraction analysis was done in same way as Example 1 , it 
possessed thelayer halite type LiMn02 structure of monoclinic 
crystal, it could recognize diffraction peak which is based on 
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theLiMn02 structure which in addition consists of 
orthorhombic crystal of trace amount in the2 = 15 degrees. 
In addition, it is a Li Mn 0.75 Fe 0.25 02 with elemental 
analysis , understood densely. 
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[0045] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 155 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 130 mAh/g. 

[0046] [Example 7] Other than using chromium nitrate in place 
of aluminum nitrate, obtaining manganese - chromium 
coprecipitation hydroxide (As for atomic ratio of manganese 
and chromium 3:1 ) with as similar to example 3, it synthesized 
positive electrode active material powder in sameway as 
example 3. When x-ray diffraction analysis was done in same 
way as Example 1 , it possessed thelayer halite type LiMn02 
structure of monoclinic crystal, it could recognize diffraction 
peak which is based on theLiMn02 structure which in addition 
consists of orthorhombic crystal of trace amount in the2 = 
15 degrees. In addition, it is a Li Mn 0.75 Cr 0.25 02 with 
elemental analysis , understood densely. 
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[0047] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1, as for initial discharge capacity 
with 157 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 135 mAh/g. 

[0048] [Example 8] Other than mixing mole ratio of manganes 
e nitrate and* cobalt nitrate as 17: 3, after acquiring manganese - 
cobalt coprecipitation hydroxide (As for atomic ratio of 
manganese and cobalt 17:3) with as similar to example 4, 
calcining said coprecipitation hydroxide with 550 °C, it made 
mixed oxide, it synthesizedthe positive electrode active material 
powder to similar to example 3 making use of this mixed oxide. 
When x-ray diffraction analysis was done in same way as 
Example 1 , it possessed thelayer halite type LiMn02 structure 
of monoclinic crystal, it could recognize diffraction peak which 
is based on theLiMn02 structure which in addition consists of 
orthorhombic crystal of trace amount in the2 = 15 degrees. 
In addition, it is a Li Mn 0.85 Co 0.1 5 02 with elemental 
analysis , understood densely. 
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[0049] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1, when you appraise in 
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same way as the Example 1 , as for initial discharge capacity 
with 159 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 140 mAh/g. 

[0050] [Example 9(Comparative Example)] Besides aluminum 
nitrate is not added positive electrode active material powder 
was synthesized with assimilar to example 3. When x-ray 
diffraction analysis was done in same way as Example 1 , it 
possessed thelayer halite type LiMn02 construction of 
monoclinic crystal, it could recognize diffraction peak which is 
based on theLiMn02 construction which ifi addition consists of 
orthorhombic crystal of trace amount in the2 =15 degrees. 
In addition, it is a LiMn02 with elemental analysis , understooc 
densely. 
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[0051] Other than using above-mentioned positive electrode ac 
tive material, nonaqueous electrolyte solution secondary battery 
is produced withas similar to Example 1 , when you appraise in 
same way as the Example 1 , as for initial discharge capacity 
with 150 mAh/g , as for capacity after the50 time charge- 
discharge cycle it was a 90 mAh/g. 

[0052] 

[Effects of the Invention] Be able to use nonaqueous electrolyte 
solution secondary battery which possesses positive electrode 
active material of this invention, withthe wide voltage region, 
capacity is large, is superior in charge-discharge cycle durabilit 
In addition, positive electrode active material of this invention 
because inexpensive manganese is used in placeof cobalt or 
nickel which is used from until recently, is acquired with the lov 
cost. 
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